number of words: 250 35 Number of tables: 2 36 ABSTRACT 41 Objectives: Synthesize information on sleep patterns, sleep site use, and daytime predation at sleep sites 42 in lorisiforms of Asia and Africa (ten genera, 36 species), and infer patterns of evolution of sleep site 43 selection. 44 Materials and methods: We conducted fieldwork in twelve African and six Asian countries, collecting data 45 on sleep sites, timing of sleep and predation during daytime. We obtained additional information from 46 literature and through correspondence. Using a phylogenetic approach, we establish ancestral states of 47 sleep site selection in lorisiforms and trace their evolution.
To examine the question further, Kappeler (1998) reviewed several explanations for the use of nests and 91 tree cavities amongst primates, especially among lemurs. Nests may serve as concealment against 92 predators and/or provide thermoregulatory benefits to prevent heat loss, especially for small and solitary 93 primates (Charles- Dominique and Martin, 1972) . Kappeler (1998) also posited that nests and tree cavities 94 particularly benefit species with neonates too altricial to cling to their mother's fur by allowing them to be 95 placed in a safe location. Through phylogenetic analyses of multiple primate taxa, he concluded that the 96 latter hypothesis received most support for nocturnal strepsirhines. Kappeler (1998) 
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In the twenty-first century, substantial taxonomic changes have occurred for both the African and Asian 
152
India, Sri Lanka, Vietnam and Java, we followed identified individuals with radio collars or other markers.
153
We obtained additional data from published studies and through correspondence with researchers,
154
including those working on great apes (bonobos Pan paniscus, common chimpanzees P. troglodytes,
155
Sumatran orangutan Pongo abelii, Bornean orangutan P. pygmaeus and Tapanuli orangutan P. 156 tapanuliensis) to obtain data on predation events.
Nycticebus. We ranked vocalizations as one (social cohesion vocalizations displayed at sleep site) or zero 170 (social cohesion vocalizations not displayed at sleep site). Intermembral Index (IMI, a ratio of forelimb length 171 to hindlimb length) for the different species was taken from Fleagle (2013) and for slow and slender lorises 172 from measurements taken by KAIN and DJS on wild-caught live animals.
173
To gain insight into sleep patterns and the presence of fragmented sleep in the lorisiforms, we compiled 174 data on when individuals entered and exited sleep sites. From selected sites, we added information on pre-175 or post-dusk waking and pre-or post-dawn sleeping. We added observations of sleep during the night or 176 non-sleep behavior during the day.
177
We examined evidence of predation on lorisiforms and highlight those instances where the events occurred 178 while the animal was asleep, or where we could reasonably infer that predation had taken place during the 179 daytime. We excluded predation events by nocturnal predators such as owls, but included events from 180 cathemeral or crepuscular predators. While we acknowledge that most lorisiforms, at least occasionally, 181 sleep for brief periods during the night, and that they may be subject to predation by nocturnal predators at 182 these times, this form of rest is distinctly different from them selecting and using a sleep site where they will 183 sleep during day time. Additionally, we compiled information on anti-predator strategies used by lorisiforms 184 and which of these might be most effective at sleep sites.
185
We carried out reconstruction of ancestral states on a subset of species for which full sleep site and fur 186 clinging behaviour and published genetic sequences were available. We obtained cytochrome b sequences
187
(1,140 bp in length) of 23 species of lorisiform from GenBank (for accession numbers see 
191
implemented a strict clock with the birth-death speciation tree prior for 100 million generations, sampling 192 every 10,000 iterations. We checked analyses for convergence using Tracer v.1.6. We then used the 
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33%, 12 species) and bamboo (14%, 5 species) ( Table 1 ). Of the 24 species that use tangles, 62% also 212 use branches/forks, 46% also use holes, and 42% also use nests. Of the 16 species that use 213 branches/forks, 94% also use tangles. Of the 16 species that use holes, 69% also use nests, 69% also use highs of over 90 in Loris and Nycticebus, with arms and legs being almost the same length. Species with 222 low IMIs tend to be the ones where the infants cling on the adult's fur, and that use nests and tree holes.
223
At least three lorisiforms use human-made sleep sites. Galago senegalensis sleeps in traditional bee-hives 224 (hollowed tree boles), birdhouses, and roofs of buildings while G. moholi uses ventilation pipes at some 225 study sites. Otolemur crassicaudatus sleeps in traditional bee-hives and roofs of buildings, and Pg. cocos 226 is also known to utilize human-made sleep sites.
227
Phylogenetic relationships showed strong support for all splits except for the sister group relationship 228 between Artocebus + Perodictus and Nycticebus + Loris (bpp = 0.63) ( Fig. 1 and 2) . 
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Small mammalian carnivores, such as palm civets, linsangs and genets (Viverridae), may capture 297 lorisiforms when they enter or leave their sleep sites. Remains from P. ibeanus have been found in leopard Blue monkeys Cercopithecus mitis prey on Gd. thomasi and/or G. matschiei, with predation observed in 300 the afternoons. Sooty mangabeys Cercocebus atys have been observed poking Gd. demidovii out of their 301 nests with sticks. Nycticebus hilleri has been observed to be captured and killed during daytime by P. abelii 302 -we obtained confirmation from two sites ( Table 2) . Data from five sites in Borneo suggest that P.
303
pygmaeus do not prey on Nycticebus there. Pan troglodytes occasionally prey on Galagidae (Fig. 3) , mainly 304 when sleeping in tree holes, sometimes using tools such as sticks. Pan paniscus have been observed to 305 force Gd. demidovii out of tree holes by inserting fingers into the hole and then hitting the trunk (Table 2) . 
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We show that lorisiforms use a wide range of sleep sites, with most taxa sleeping in dense tangles, followed 314 by holes and on branches/forks. Fewer species use nests and bamboo. It appears that the ancestral 315 lorisiform would have used dense tangles, and branches/forks as sleep sites. The use of tree holes and 316 nests as sleep sites emerged ~30 (24-36) Mya in Africa, and the use of bamboo as a sleep site emerged 317 ~31 (23-26) Mya in Asia and later in Africa. The ability of infants to cling onto their parents' fur appears to 318 be the ancestral condition, and carrying infants in the mouth is a derived condition and emerged in the 319 African taxa. Our data provide support for Kappeler's (1998) hypothesis that use of nests and tree holes is 320 linked to having altricial infants that are not able to cling to fur, thus providing them with a relatively safe 321 location while adults forage.
322
Further understanding the comparative morphology of fur clingers may help us to infer nest using behavior 323 in the fossil record. We found a strong relationship between more generalized arboreal lorisiforms with a IMI nearer to 100 in relation to fur clinging and the use of nests. Tree hole use was limited to animals with 325 the lowest IMI that are also vertical clingers and leapers. Functionally, animals with shorter arms, and hence 326 lower IMI, might not be able to cling as well on tangles and branches. Such morphological adaptations are 327 further emphasized by the presence of a retia mirabilia (where the arteries form vascular bundles that allows 
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The entrance size of sleep holes used by lorisiforms tends to be no larger than is necessary for the individual 339 to enter. This minimizes the number of predator species that are able to enter or reach inside. Selection of 340 tree holes with suitably small entrances that only enable the strepsirhine to enter/exit is not always possible, 341 especially when the number of trees holes in an area is limited. As a result, holes with larger entrances are 342 sometimes used. For example, S. cameronensis used tree holes with entrances of 20 cm diameter larger 343 than necessary for it to access the hole (Pimley, 2002) . More studies that systematically measure tree holes 
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Researchers have found animals exposed to high levels of predation to display less time spent in sleep, 
371
Given that most lorisiforms live in the tropics and only a few in the subtropics, with small amounts of variation Conversely, these species have been recorded to sleep for up to several hours during the night. This is 378 possibly linked to low temperatures or other adverse conditions.
379
Thermoregulation may be an important factor in sleep site selection in lorisiforms, especially for species 380 that live at high elevations and/or at high or low latitudes (Ruf, et al., 2015) . Tree holes provide good 1 Sleep site type: 0 -no evidence of use, 1 -irregular or occasional use or mixed evidence use from different studies, 2 -regular or habitual use of nests, ? -evidence is based on anecdotal information or when information is lacking, * -using man-made structures as sleep sites Social cohesion: 0 -no, 
